Exam Review Solutions

QUESTION 1

Three charges of equal magnitude are positioned as shown, with Q3 equidistant from
Q1 and Q2. Q1 and Q3 are positive charges; Q2 is negative. What direction is the
force on charge Q3?

-
(@ left

n . a (3
(b) right

-
(©) up

¥ (d) down

Q2
L (e) theforceiszero 6

Viavector addition and symmetry, the net force on Q3 is down.

Question 2
This and the following three questions concern the same physical situation.

Four charges are fixed at the corners of a square of sides 4 m as shown.

What is the electric potential at the center of the
square?

)|
Hin

" (@ -46.63N-m/C

" () -19.1N-m/C

" (© ON-m/C

¥ (d) +19.1N-m/C

" (9 +463N-m/C Qz
+3iniz
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V, =V, +V, +V, +V,

r r r r




QUESTION 3
What is the magnitude of the electric field at the center of the square?

(8 7.0N/C
(b) 13.5N/C
(©) 18.7N/C
(d) 275N/C
(e) 42.0N/C

<

11 T

Q4 and Q2 cancel each other out by symmetry (look for symmetry)

Therefore ¢, = ¢, + &,

ka, | ka,
= —4 —=
r2 r2

K
= r_z(q1+ q;)
_ 9x10°

(6>< 107° + 6% 10_9)
=135

QUESTION 4
What is the direction of the force on charge Q1 due to charges Q2, Q3, and Q4 ?

(@) aong thevertica
(b) aong the horizontal

(c) aong thediagona

Q1 and Q4 combine to push away along the diagonal, while Q3 pull back along the
diagond



QUESTION 5
What is the magnitude of the force on charge Q1 due to charges Q2, Q3, and Q4 ?

<]

(@ 0.42x10°N
(b) 0.59 x 108N
() 1.19x10° N
(d) 1.93x 108N
(e) 2.45x10° N

I R R

Fou = k?lzqz
(9.0 x10° N(':'Z“Z j(Gx 10°C)(3x10°C)

(4m)’
~ 1.0125x10°°N

Thisforceisup

k
Fu= (:12

(9.0 x10° '\'gzan(axlo%C)(sxlo-gc)

(4m)’
=1.0125x 10 N

Thisforceisto the left

Combining these forces F = \/(1.0125><10‘8 N}’ +(10125x10°°N )

=1.432x10°N
Thisforceis upper right
o N-m? 9 9
9.0x10°= (6x10°C)(6x10°C)
Now subtract F,, = 5
(v32m)

=1.0125x10°N

This gives us 4.2x10°N



QUESTION 6
This and the following two questions concern the same physical situation.

A small particle with charge +15e (e = 1.6x10™ C) islocated at the origin, a distance of
5 nm from a second particle of charge—30e.

¥
i
£
d
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O1uim Snm

What is the potential energy of the two-charge system?

: (a) -6.90 x 10°)
L (b) -8.98 x 10?3
= (c) -3.33x 1073
¥ (d) -2.07 x 10173
" (&) -4.15 x 10197
Pt

[9.0><109 NCZ"Z ](15. 1.6x10°C)(-30-1.6x10"°C)

5x107°m
=-2.07x10"J



QUESTION 7
At what distance from the +15e particle along the x-axis is the electric potential
equal to zero?

" (@ -250nm

(b) 2.89 nm
(¢) 3.71nm
(d) 7.35nm
(e) -5.00nm

171 T

<]

0=V, +V,

_ka, ka,
0= r (5%10°m-r,)

[9.0><109 N 2“2 j(15.1.6><10190) (9.0x109 N 2“2 ](—30-1.6><1019 C)
C C
= + S
r 5x10 "m-—r,
(-30-16x107°C) (15-1.6x107°C)
5x10°m-r, r,

(-30-1.6x10°C)r, =(15-1.6x10 *C)(5x10 °m)-(15-1.6x10 *C)r,

(—30-1.6x10*°C)r, +(15-1.6x10*°C)r, =(15-1.6x10°C)(5x10°m)
(15-1.6x10°C)(5%10°m)

* (~30-1.6x10°C) +(15-1.6x10 °C)

=-5x10°m




QUESTION 8
A third particle of charge -5e is placed on the x-axis at the location -5 nm. How

+5
much work is required to move this g)rarticle to the position d = ﬁ nm on the y-

axis?
+15e

T -30e
{# R R )
I

(@ 0J h

-5t
(b) 6.65x10%°]
(©) 9.56x10™J
(d) 1.24x10%)
(e 5.18x 1018 ]

<]

Oram Snim

171 1 T

Since ¢ and r are perpendicular, there is no work.

QUESTION 9 g
This and the next two questions
pertain to the following situation. =—

The diagram shows a positive charge q
entering the lower right hand corner of a
region in which there is a uniform magnetic
field. Thefield is perpendicular to the page.
The particle emerges from the upper left hand
corner of the region, moving directly leftward.
Ignore gravity. Assume the strength of the
fieldisB = 0.25 T and that the positive eoeseeeeeeeeeessa—o
charge moves at v =6000 m/s. Does the fidd o 4
point into or out of the page? '

w
§E:.':
i

(@) into the page
(b) out of the page

Right hand rule



QUESTION 10
Assuming still that a positive charge enters, as shown, in the lower right hand corner

of the region, what change might cause the particle to exit through the bottom side,
directly to the left of where it entered?

(a) larger charge

(b) greater velocity

From

e_
m

v
Br
mv
Be
It will take a large charge to make r larger, or a smaller velocity.

QUESTION 11
If the charge is a proton (q = 1.6 x 10°C, m = 1.673 x 10?” kg), what is the area
of the shaded region?

(@ 2.3x10%m?
(b) 3.3x10°m?
(©) 4.3x10° m?
(d) 5.3x10%m?
(6 6.3x10° m?
mv

gB

_ m
(1.673x10 27kg)(60005]

(1.6x10*°C)(0.25T)
= 2.5095x10™

The area of the square is 6.3x10®m?



QUESTION 12
This and the next question pertain to the following situation.

I

>

15 cocm
I

10 cm

€

o

The diagram shows three wires, the first 15 cm directly above the second, and the second
10 cm directly above the third. The top wire carries current 11 = 4 A to the right, the
second carries |, = 2 A to the | eft.

Assumingfor thisquestion only that I3 = 0, where between the first and second wiresis
the magnetic field zero?

(@ x=3cm above the second wire

(b) x =5 cm above the second wire

(c) Thereisno such point.

viathe right hand rule, the magnetic direction in both wire 1 and wire 2 are in the same
direction, they cannot cancel each other out.



QUESTION 13

Assume that the third wire carries I3 = 3 A to the left. What are the magnitude and
direction of the force exerted by the other two wires on a 20 cm length of the third
wire?

0

(@ 4.8x 10" N upward

(b) 4.32x 107 N upward
(¢ O

(d) 4.32x 10" N downward
(e) 4.8x 107 N downward

-

'

L

L

E: Holyl,
L 2xd

(47”107 T'mj(SA)(ZA)

F= x.2m

=24x10°N

(47r x107 T:‘j (3A)(4A)
|:2 — x.2m
27(0.25m)
=1.92x10°N
F-F,=24x10°N-1.92x10°N
=4.8x107 N[up]




QUESTION 14
This and the next two questions pertain to the following situation.

Two wires perpendicular to the page are separated by 6 cm. The wire on the |eft carries a
2 A current out of the page; the wire on the right carriesa 2 A current into the page. Point
A, as shown, lies 4 cm above a point midway between the two wires.

What is the strength of the magnetic field at a point on the page midway between the two
wires?

@ o 2
I 7
b) 1.3x10°T
- (0) , 4 cI
(© 27x107 T
" (d) 13x10°T I=24() « : » X 1=2A
¥ (@ 27x10°T 6 cin

The magnetic fields from each wire point in the same direction
Therefore each produces the following strength

A

- 2nr

(27)(3x107°m)
=1.33x10°°T

Therefore the total strength is 2(1.33x10°°T )= 2.7x10"°T

QUESTION 15

An electron is fired into the page at point A. In what direction is the force acting on
that electron at point A?

L (a) upward on the page
(b) downward on the page

(c) to the right on the page

<1 1 7

(d) to the left on the page

-

(e) any force it experiences is perpendicular to the page

Right hand rule



QUESTION 16

Calculate the magnitude and direction of the force exerted on a 6 cm segment of the
wire on the right by the wire on the left.

a) 7.5x , to the left

(@ 7.5x10° N, tothelef
.0 x , to the left

(b) 8.0x 107N, tothelef

(0

(d) 8.0x10"N, totheright

(e) 7.5x10° N, to theright

< 71 71 71

.

= Hol o1
2rrd

(47”10‘7 -I-Amj(ZA)(ZA)(leUZ m)

2%(6><10’2m)

=8x10'N
Since current isin opposite direction, the force is repulsive, therefore to the right

QUESTION 17
This and the next question are about the following situation:

In the figure is shown asquar e loop carrying a current of 2.5 A in auniform B field
of .02 T. The B-field makes an angle of 45° with the sides of the loop. The length of a
loop sideis.03 m.

What is |Fy,| the magnitude of the magnetic force on side ab?

" @ [Fa|=0N .

" (b) Ful=36x10°N //')‘

¥ (©) |Fu|=10.6% 10*N /
" () [Fa|=150x 10N /
-

(©) |Fup|=184x 10N / /
F=1IBsin(0)
=(2.5A)(0.03m)(0.02T )sin(45°)
=10.6x10*N



QUESTION 18
The direction of the force on side ab is

() out of the page.

(b) into the page.

Via right hand rule, out of the page

QUESTION 19

This and the next two questions are about the following situation:

Thewires are located at (-2,0) meters and (2,0) meters.
The former carries 3 A coming out from the sheet of the
paper, and the latter 3 A going into it.

What is By, the y component of the magnetic field at the
origin?

" (@ B,=-6x107T

(b) By=-3x10"T
(0 By=0T

(d By=+3x10"T
() By=+6x10"T

-
r
r
rd

Each wire produces amagnetic field same T

Ul

C2nr
(4“107 Tm) (3A)
A
(27)(2m)
-3.0x10°T

Therefore B, =(2)(3x107T) =6x10"'T

é@:b-

F

-

$ 6



QUESTION 20

Now a third wire C, carrying 3 A coming out of the page is placed at location (-2,2)
meters. Which arrow of those shown at the far right best represents the direction of
the force on C due to the currents in wires A and B?

: @ Ay (&) /‘
. C ®
n © V\.T ...................... L+ [
- » C

- (d) _@ % . ey V\\
From right hand rule (E) i

QUESTION 21
This and the next three questions are about the following situation:

Monochromatic light (of wavelength A = 480 nm) is incident on two slits separated by an
unknown distance d. Bright fringes are observed on a screen at adistance L = 1.5 m from
the two dlits. Note that y in the diagram represents a distance along the screen as
measured from the center of the central bright fringe (for which thereforey = 0). The
variables x; and x, label the distances from the respective dlits to points on the screen.
The fifth bright fringe to one side of the central fringe is observedto beat y = 1.8 cm.
Find the dlit separation d.

<]

(@ d=20x10"m
(b) d=25x10"m w
(© d=40x10*m
(d d=80x10"m

(6 d=10x10°m
~1.8x107

171 1 T

AX =3.6x10°m N *

AX A ﬂ
d

El
2

_AL d=
AX Xs
(4.8x107m)(15) (5)(4.8x10"m)(1.5m)

3.6x10°m 1.8x102%m
=2x10*m or =2x10"m



QUESTION 22
Find, from among the following choices, the location y on the screen closest to the
point at which the quantity x2 - x; = 1440 nm.

@ y=05cm
(b) y=0.8cm
(c0 y=11lcm

Determine how many wavel engths the path difference between x; and X2 represents

1.44x10°m _3
4.8x10 'm
Therefore m =%
d L

3(48x10"m)  x
20x10“m  1.5m
X, =1.08x1072m

QUESTION 23
This and the next question are about the following situation:

A film of oil of thicknesst isfloating on water. The index of refraction is 1.0, 1.45, and

1.33for air, oil, and water, respectively. A person views the film from theair in a
direction normal to the surface.

The person sees that there is constructive interference of reflected light of wavelength
630 nm. What is the minimum thicknesst of the oil film?

(& 209 nm
(b) 218 nm
(c) 436 nm

when the light reflects off the oil it causes a ~ phase shift since n,;, <n,

When the ray passes through the oil and reflects of the water, no phase shift occurs
since n_, >N

oil water *



-7
The wavelength of the ray in the oil is 4, = A = % =4.34x10"m
r-]oil '

L m
For constructive interference to occur, 2t =—A

4t =mi
4t =(1)(4.34x10"m)

. 4.34x10"m
- 4

=1.085x10"m
QUESTION 24

The person sees that there is destructive interference of reflected light of wavelength
450 nm. What is the minimum thickness t of the oil film?

0

(@ 155nm
(b) 225nm
(c) 310nm

{

{

when the light reflects off the ail it causma% phase shift since n,;, <n,,

When the ray passes through the oil and reflects of the water, no phase shift occurs

since Ny >Ny -

A 7
The wavelength of the ray in the oil is 4, =—2-= %=3.10x107m

oil
For destructive interference to occur, 2t =mi
2t=ml

2t=(1)(3.10x10 'm)

(= 3.10x10'm
- 2
=1.55x10"'m



QUESTION 25
This and the next question are about the following situation:

For awavelength of 440 nm, a diffraction grating produces a 2nd-order bright fringe at an
angle of 28°.

What isthe dlit spacing of the grating?

(& 937 nm
(b) 1,870 nm
() 3,749 nm

mA=dsin(6,,)

I=5n,)

(2)(4.40x107"m)
sin(28°)
~1.87x10°m

QUESTION 26
For an unknown wavelength, the same grating produces a 2nd-order bright fringe at
an angle of 42°. What is the unknown wavelength?

(@ 308 nm
(b) 314 nm
(c) 626 nm

mA=dsin(6,,)
dsm( 0,)

(1.87 x10°°m)(sin (42°))
- 2
=6.26x107"m




QUESTION 27
This and the next two questions are about the following situation:

A double-dlit experiment is set up using red
light with awavelength of 633 nm. The dlits
are separated by a distance of 0.075 mm. The
interference pattern is viewed on ascreen 1.8
m away from the dlits.

Mol drawn Lo seae

Erigat fringe
What is the distance between two adjacent = g0 B ST
bright fringes on the screen? - ff::;f
0 075 0% "nI — | 3 ahe rings
(@ 1.52cm
(b) 1.69cm
(c) 3.04cm . 1.4 m A
AX= L
d
(1.8m)(6.33x10 'm)
~ 75x10°m
=152x107°m

QUESTION 28
What is the distance between two adjacent dark fringes on the screen?

(@ 0.76 cm
(b) 1.52cm
(c) 1.69cm

same as above in question 27



QUESTION 29
What is the difference in the distance traveled by the rays from the top and bottom
slit reaching the third order bright fringe on the screen?

(& 633nm
(b) 950 nm
(c) 1899 nm

(*

mi=|RS-RS)|
3(6.33x10'm)=|R,S - RS)|
RS -PR,S,|=1.899x10°m

QUESTION 30

A single slit of width 0.075 mm, illuminated by light of wavelength 633 nm, yields a
diffraction pattern on a screen 1.8 m away. What is the distance between the central
bright fringe and the second order dark fringe on the screen?

'

(@ 15cm
(b) 1.7cm
(c) 3.0cm

{

(*

W
L

(7.5x10°m) x,
1.8m
(2)(6-33x10"" m)(1.8m)
(7.5x10°m)
=3.04x10m

mi

(2)(6:33x107m)=

X2:



QUESTION 31
A spaceship passes you at a speed of 0.92c. You measure its length to be 48.2 m.
How long World the slip be at rest?

Y;
L =Lyl-
2
0.92c
48.2m= Ls l—%
_ 48.2m
1-(0.92)°
=123m

QUESTION 32
An electron is traveling at 0.866c with respect to the face of a monitor. What is the

value of its relativistic momentum with respect to the tube?

(9.11x10 *kg ) (0.866c)

(0.866¢)"
-8
kg-m

S

=4.73x10%

QUESTION 33
The total energy of a certain muon, a particle with a rest energy of 105.7 MeV, is
106.7 MeV. What is its kinetic energy?

E[otal = Ek + Erest
2
mc
=E,+mc?
2
Vv
-~
c

106.7MeV = E, +105.7MeV
E, =1MeV



QUESTION 34
Calculate the energy of an ultraviolet photon, of 122nm, in electron volts.

_he
)

E

(6.63x10%J ) (3.00>< 108 r:j

1.22x107"m
=1.63x10"]

—18
Now, 203107 15 5ay

1.60x10%° 3
eV

QUESTION 35
When a certain metal is illuminated at 3.50x10%nm, the maximum kinetic energy of
the ejected electron is 1.20 eV. Calculate the work function of the metal.

Ek = Ephoton -W
W = Ephoton - Ek
_he_ 1.20eV
y)
(6.63x10%3-5) (3.00><108 mj
_ s)_ 1 40ev
(350x107m) 16x10%° Y

=2.35eV

QUESTION 36

Light of frequency 8.0x10"Hz illuminates a surface whose work function is 12eV. If
the retarding potential is 1.0V, what is the maximum speed with which an electron
reaches the plate?

First we calculate the kinetic energy

Ek = Ephoton -W
—hf —W
= (6.63><10‘34J -s) (8.0><1014 Hz);‘]—l.ZeV
1.6x107%° =

=2.115eV



Now for maximum speed
Since we have a retarding potential of 1.0eV , then

2.115eV -1.0eV =1.115eV
This is the kinetic energy we must use. (don't forget to change back to Joules)

wd 1.784x10%J

ev

1.115eV -1.6x10°

2,
m

2(1.784x10-193)

~\ 9.115x10%kg

=6.3x10° m
S

QUESTION 37
What is the magnitude of the momentum of a photon with a wavelength of

1.3x10%?m?>

oh
A

_ 6.63x10°*J-s
1.3x10?m

_51x102 K8 M
S

QUESTION 38
What is the de Broglie wavelength associated with a 1 kg ball moving at 20.1 m/s?

A=—
nmv

6.63x10*J s

(1.0kg)(20.1r:J

=3.3x10%m




QUESTION 39
Calculate the energy of n=5 state for hydrogen, and state it with respect to the
ground state.

B 13.6eV

n2
13.6
-
= -0.544eV

E=

The n=5 energy level is -0.54 eV or -13.6eV-(-0.54eV)=13.06eV above ground state.

QUESTION 40
Give the value of x and y in the following: *?Pb— Z’Bi+y

X=82, y=_Je

QUESTION 41
Identify the missing particle, state whether the element has undergone o or f8

decay
a) Ula— SCe+?
b) 2U — “Th+?

a) _Ze, [ decay
b) ;‘He, a decay



QUESTION 42

The half life of unanium-238 is 4.5x10° years. If you contain a sample of 1.00 mg of
U-238 and determine that it has an activity of 3.8x10°Bq.

How many years will pass before you have 0.100mg of the specimen left?

First , the 3.8x10%Bq activity has no bearing on this question

t
N =N, (%j half —life

t
4.5¢10°

0.100 =1.oo(1j
2
t
0.100 _ ( 1 ]4.5><109
1.00

5 L)

1.00
(1] 0.100)
- |Og -
4, 5><10 2 1.00

0.100 ) 4.5x10°
t =log 100 1
) log| =
g(zj
—1.5x10%

Hopefully you live that long.



